SPECIFICATION 



AMPLIFIER CIRCUIT FOR AM BROADCASTING 

[Background of the Invention] 
[Field of the Invention] 

The present invention relates to an amplifier circuit 
for AM broadcasting, and more particularly , to one preferably 
applicable to an RF (Radio Frequency) amplifier used for a 
broadcast signal input stage of a radio receiver that receives 
AM broadcast signals, etc. 

[Description of the Related Art] 

Figure 1 shows a configuration of a conventional AM 
broadcasting reception circuit. Figure lA shows a 
configuration of a tuning circuit format and Figure IB shows 
a configuration of a non- tuning circuit format. As shown in 
Figure lA, the conventional AM broadcasting reception circuit 
in the tuning circuit format is constructed of a capacitor 
101, aresistor 102 , anFET (FieldEf feet Transistor ) for signal 
amplification 103, a tuning circuit 104 and an IC 106. Of 
these elements , the capacitor 101 , resistor 102 , FET for signal 
amplification 103 and tuning circuit 104 constitute an RF 
amplifier. 

Here, the capacitor 101 is intended to cut a DC component 
of an AM broadcast signal inputted from an antenna which is 
not shown and the resistor 102 is intended to give an appropriate 
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bias to the FET for signal amplification 103. The FET 103 
for signal amplification is intended to amplify the inputted 
AM broadcast signal and is constructed of a junction FET 
(junction field effect transistor = JFET) . 

The tuning circuit 104 is intended to amplify an RF signal 
outputted from the FET for signal amplification 103 at a high 
frequency and output it to the IC 106 and constructed of a 
tuning capacitor CI and tuning coils LI and L2. One end of 
this tuning circuit 104 is connected to a power supply Vcc. 
On the other hand, the IC 106 is intended to input the RF 
amplified signal outputted from the tuning circuit 104 and 
perform subsequent signal processing necessary for AM 
broadcasting reception such as mixing and frequency 
conversion. 

Furthermore, as shown in Figure IB, the AM broadcasting 
reception circuit in the non- tuning circuit format is 
constructed of a capacitor 101, a resistor 102, an FET for 
signal amplification 103, a coupling capacitor 105, an IC 106 
and a coil 107 . Of these elements , the capacitor 101 , resistor 
102, FET for signal eimplif ication 103, coupling capacitor 105 
and coil 107 constitute an RF amplifier. 

The scale of integration of an RF circuit for a wireless 
terminal which handles high frequency signals of 2 . 4 GHz band 
or 5 GHz band, etc. , is being increased in recent years and 
an LSI which incorporates an RF circuit which has been mounted 
outside a chip as an individual analog part so far on a single 
chip using a CMOS technology is under development . Likewise , 
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an LSI incorporating an RF circuit using a CMOS technology 
for an FM broadcasting receiver using frequency bands of 76M 
to 90 MHz is also under development. These RF circuits 
integrated on a single chip also include RF amplifiers. 

On the other hand , as shown in Figure 1 , an AM broadcasting 
receiver uses a junction (bipolar) type JFET 103 for the RF 
amplifier and its manufacturing process is different from the 
CMOS technology , and therefore the AMbroadcast ing RF amplifier 
is still mounted outside the chip of the IC 106 as a separate 
component. This is because influences of flicker noise (1/f 
noise) produced inside a MOS semiconductor are taken into 
consideration . 

That is, the noise level of flicker noise is inversely 
proportional to frequency, and therefore in the case of a 
wireless terminal handling a high frequency signal, almost 
no flicker noise is produced even if its RF amplifier is 
constructed of a CMOS circuit. However, in the case of an 
AM broadcasting receiver handling low frequency signals of 
medium frequency such as 530 to 1710 KHz or low frequency such 
as 153 to 279 KHz, their frequency bands still belong to areas 
with large flicker noise components, and therefore it is not 
desirable to construct an RF amplifier with a CMOS circuit. 

For this reason, the JFET 103 has been conventionally 
used for the RF amplifier. Moreover, an RF amplifier 
constructed of the JFET 103 combined with a bipolar transistor 
has also been used. However, these conventional technologies 
are unable to integrate an RF amplifier together with another 



RF Circuit, etc., on a single chip, and as a result, the 
conventional technologies have a problem that it is not 
possible to reduce the size of an entire circuit as in the 
case of a high frequency wireless terminal. 

The present invention has been implemented to solve these 
problems and it is an object of the present invention to 
integrate an RF amplifier for AM broadcasting together with 
other circuits on one chip while suppressing the flicker noise 
to a lowest possible level and thereby realize small size and 
low noise of the entire circuit. 

[Summary of the Invention] 

The amplifier circuit for AM broadcasting according to 
the present invention is an amplifier circuit for AM 
broadcasting for amplifying an inputted AM broadcast signal 
by FETs and outputting it, characterized in that the FETs are 
constructed of P-channel MOSFETs. 

In another mode of the present invention, the P-channel 
MOSFETs are characterized by including a first P- channel MOSFET 
for amplifying the inputted AM broadcast signal and a second 
P-channel MOSFET for carrying out AGC control on the signal 
outputted from the first P-channel MOSFET. 

A further mode of the present invention is characterized 
by including a first P-channel MOSFET for amplifying the 
inputted AM broadcast signal, a second P-channel MOSFET for 
carrying out AGC control on the signal outputted from the first 
P-channel MOSFET and a tuning circuit for high-frequency 
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amplifying a signal output ted from the second P- channel 
MOSFET and outputting it. 

A still further mode of the present invention is 
characterized by including a capacitor for cutting a DC 
component of an inputted AM broadcast signal , a first P-channel 
MOSFET for amplifying the AM broadcast signal outputted from 
the capacitor, a resistor for giving an appropriate bias to 
the first P-channel MOSFET, a second P-channel MOSFET for 
carrying out AGC control on the signal outputted from the first 
P-channel MOSFET and a tuning circuit for high-frequency 
amplifying the signal outputted from the second P-channel 
MOSFET and outputting it. 

A still further mode of the present invention is 
characterized in that the first P-channel MOSFET and the second 
P-channel MOSFET are cascode- coupled. 

A still further mode of the present invention is 
characterized in that the area of the P-channel MOSFET is larger 
than a predetermined value. 

According to the present invention configured as shown 
above, an RF amplifier for AM broadcasting is constructed even 
in a low frequency area using P-channel MOSFETs which involves 
smaller flicker noise than N-channel MOSFETs, making it 
possible to integrate more circuits including the RF amplifier 
for AM broadcasting on one chip with a MOS structure while 
suppressing the flicker noise to a lowest possible level and 
thereby realize small size and low noise of the circuits. 
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Furthermore, according to another feature of the present 
invention, the channel area of P-channel MOSFETs is increased, 
which suppresses the flicker noise to a further smaller level. 

[Brief Description of the Drawings] 

Figure lA and IB show a configuration of a conventional 
AM broadcasting reception circuit; 

Figure 2 shows a configuration example of an amplifier 
circuit for AM broadcasting according to this embodiment; and 

Figure 3 shows a flicker noise characteristic. 

[Detailed Description of the Preferred Embodiments] 

With reference now to the attached drawings , an embodiment 
of the present invention will be explained below. 

Figure 2 shows a configuration of an cunplif ier circuit 
for AM broadcasting according to this embodiment. As shown 
in Figure 2, the amplifier circuit for AM broadcasting of this 
embodiment is constructed of a capacitor 1, resistors 2 and 
3, a first P-channel MOSFET 4, a second P-channel MOSFET 5 
and a tuning circuit 6 . 

Here, the capacitor 1 is intended to cut a DC component 
of an AM broadcast signal inputted from an antenna which is 
not shown. The resistors 2 and 3 are intended to give an 
appropriate bias to the first P-MOSFET 4, connected in series 
between a power supply Vcc and ground and the capacitor 1 is 
connected at an intermediate node thereof. 



- 7 - 



The first P-MOSFET 4 is intended to amplify the AM 
broadcast signal outputted from the capacitor 1. Its gate 
is connected to the capacitor 1 at the intermediate node between 
the resistors 2 and 3, its source is connected to the power 
supply Vcc and its drain is connected to the source of the 
second P-MOSFET 5. 

The second P-MOSFET 5 is intended to carry out AGC (Auto 
Gain Control) control on the RF signal outputted from the first 
P-MOSFET 4. Its gate is connected to a power supply for the 
AGC voltage, its source is connected to the drain of the first 
P-MOSFET 4 and its drain is connected to the tuning circuit 
6. By the way, the power supply connected to the gate of the 
second P-MOSFET 5 need not necessarily be the power supply 
for the AGC voltage, but may also be a power supply with a 
fixed voltage. 

The tuning circuit 6 is intended to amplify the 
AGC -controlled RF signal outputted from the second P-MOSFET 
5 at a high frequency and output it and is constructed of a 
tuning capacitor CI and tuning coils LI and L2. One end of 
this tuning circuit 6 is connected to the drain of the second 
P-MOSFET 5 and the other end is grounded. 

The amplifier circuit for AM broadcasting in the 
above -described configuration of this embodiment is 
integrated on one chip together with subsequent circuits that 
perform signal processing necessary for AM broadcasting 
reception including mixing, frequency conversion, etc., and 
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the output signal of the tuning circuit 6 is supplied to, for 
example, a mixer stage which is not shown. 

Next, the operation of the amplifier circuit for AM 
broadcasting configured as shown above will be explained. 
First, a DC component of an AM broadcast signal inputted from 
an antenna (not shown) is cut by the capacitor 1 and its output 
signal is amplified by the first P-MOSFET 4. Then, the RF 
signal outputted from the first P-MOSFET 4 is AGC- controlled 
to a certain level by the second P-MOSFET 5 and outputted to 
the tuning circuit 6 . 

Thus, in this embodiment, the first P-MOSFET 4 for signal 
amplification and the second P-MOSFET 5 for AGC control are 
cascode- coupled and the AM broadcast signal is 
cascode-amplif led. This can reduce inter-electrode 
capacitance and thereby drastically reduce feedback from the 
output to the input , which provides an excellent high frequency 
characteristic. Furthermore, this cascode -coupling is 
suitable for AGC control and can increase stability of the 
circuits . 

Furthermore, the tuning circuit 6 amplifies the RF signal 
at a certain level outputted from the second P-MOSFET 5 at 
a high frequency and outputs it to the next mixer which is 
not shown. The subsequent signal processing circuits (not 
shown ) including a mixer and frequency conversion section carry 
out remaining processing necessary for AM broadcasting 
reception, tune for the input signal, and the output stage 
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performs amplification and detection, etc., and outputs a 
speech signal. 

Figure 3 shows flicker noise characteristics of the 
P-MOSFET and other MOSFETs used for the amplifier circuit for 
AM broadcasting of this embodiment. 

As shown In Figure 3, the level of the flicker noise, 
which Is Internal noise of the MOS semiconductor. Increases 
In Inverse proportion to the frequency. Therefore, when the 
signal handled Is a low frequency signal such as AM broadcast 
signal, constructing the RF amplifier with a MOS circuit 
Increases the noise level compared to when JFET Is used. 

However, when an N-MOSFET Is compared with a P-MOSFET, 
the noise level of the P-MOSFET Is lower than that of theN-MOSFET 
even In a low frequency area. This embodiment constructs the 
FETs 4 and 5 for signal amplification and AGC control with 
only P -MOSFETs which are neither N-MOS nor CMOS , and can thereby 
suppress the flicker noise to a relatively low level. 

On top of It, P-MOS technology and CMOS technology have 
the same manufacturing process, and can thereby integrate the 
entire RF circuit for AM broadcasting including the 
amplification circuit of this embodiment on one chip and reduce 
the size of the entire circuit. Furthermore, the ability to 
manufacture the entire RF circuit through the same MOS process 
can simplify the manufacturing process and reduce 
manufacturing costs. Of course, not only the RF circuit but 
also the subsequent baseband circuit, etc. , can be Integrated 
on one chip. 
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Next, the Idea for further reducing flicker noise will 
be explained below. With the first and second P-MOSFETs 4 
and 5 , Increasing the area of the channel through which a current 
(or carrier) flows can further suppress flicker noise. 

In this case. It Is possible to Increase either one of 
the channel width or channel length of the FET, but it is 
preferable to Increase both . When an RF amplifier of a wireless 
terminal which handles high frequency signals is constructed 
with a CMOS circuit , MOSFETs with a channel width and channel 
length of approximately 0.7 pmx 1.5 [xm, 0.6 pmx 1.4 ^mor 
0.2 \im X 1,0 \xm are currently used. As the RF amplifier for 
AM broadcasting of this embodiment, it is preferable to use 
P-MOSFETs 4 and 5 having a larger channel area than this. For 
example, the channel width can be set to 1000 (im and the channel 
length can be set to 2 (un. 

By the way, the above -de scribed embodiment is not more 
than a specific example in implementing the present invention 
and this should not be Interpreted as restricting the 
technological scope of the present invention. That is, the 
invention may be embodied in other specific forms without 
departing from the spirit or essential characteristic thereof . 
For example, the present Invention is applicable not only to 
a tuning circuit format but also to a non- tuning circuit format . 

[Industrial Applicability] 

The present invention is useful to realize small size 
and low noise of the entire circuit by integrating an RF 
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amplifier for AM broadcasting together with other circuits 
on one chip while suppressing flicker noise to a lowest possible 
level . 



